ABSTRACT: This study investigated the effects of a mixture of steam-flaked corn and extruded soybeans on performance, ruminal development, ruminal fermentation variables, and intestinal absorptive capability in Holstein male calves (n = 39). Calves were assigned to 1 of 3 treatments (13 calves per treatment): 1) milk replacer (MR), 2) one-half of the amount of MR in treatment 1, plus a mixture of 62.1% steamflaked corn and 30.5% extruded soybeans provided ad libitum (HMCS), or 3) a mixture of 62.1% steamflaked corn and 30.5% extruded soybeans provided ad libitum (CS). All the calves were started at 2 ± 1 d of age and studied for 150 d. Each 30 d was defined as 1 period. Dry matter intake and growth were measured daily and monthly, respectively. All calves were harvested at 150 d of age, after which rumen fluid was collected. Rumen and intestine samples were gathered. Calves fed MR exhibited greater BW (P = 0.001) and ADG (P < 0.001), compared with calves fed HMCS and CS from period 2 to 3; however, from period 4 to 5, CS calves had greater (P < 0.04) ADG than MR calves. The treatments did not differ in final BW (P = 0.72) and ADG (P = 0.20) from period 2 to 5. Compared with HMCS and MR calves, CS calves had the greatest DMI (P < 0.001) and the least feed efficiency (P < 0.001) from period 2 to 5. For ruminal fermentation parameters, CS calves had decreased (P = 0.04) rumen pH than MR calves. The NH 3 concentrations were greater (P = 0.03) in calves fed HMCS than calves fed MR and CS. Total VFA concentrations were greatest in CS calves (P = 0.02). Calves fed CS had the greatest molar concentrations of propionate, butyrate, and valerate (P < 0.002), and calves fed HMCS had the greatest molar concentrations of isobutyrate (P = 0.001) and isovalerate (P = 0.001). The CS calves exhibited greater empty rumen weight (P = 0.001), papillae length (P < 0.001), papillae width (P < 0.001), rumen wall thickness (P = 0.012), and papillae density (P = 0.003). The greatest villus heights in the jejunum (P = 0.04) and ileum (P = 0.005) were observed in CS calves. Compared with HMCS calves, calves fed CS had greater villus:crypt ratios in the duodenum (P = 0.001) and jejunum (P = 0.001). Results indicate that CS improves ADG in period 4 to 5 and positively contributes to ruminal development, ruminal fermentation, and intestinal absorptive capability in veal calves.
pared with HMCS and MR calves, CS calves had the greatest DMI (P < 0.001) and the least feed efficiency (P < 0.001) from period 2 to 5. For ruminal fermentation parameters, CS calves had decreased (P = 0.04) rumen pH than MR calves. The NH 3 concentrations were greater (P = 0.03) in calves fed HMCS than calves fed MR and CS. Total VFA concentrations were greatest in CS calves (P = 0.02). Calves fed CS had the greatest molar concentrations of propionate, butyrate, and valerate (P < 0.002), and calves fed HMCS had the greatest molar concentrations of isobutyrate (P = 0.001) and isovalerate (P = 0.001). The CS calves exhibited greater empty rumen weight (P = 0.001), papillae length (P < 0.001), papillae width (P < 0.001), rumen wall thickness (P = 0.012), and papillae density (P = 0.003). The greatest villus heights in the jejunum (P = 0.04) and ileum (P = 0.005) were observed in CS calves. Compared with HMCS calves, calves fed CS had greater villus:crypt ratios in the duodenum (P = 0.001) and jejunum (P = 0.001). Results indicate that CS improves ADG in period 4 to 5 and positively contributes to ruminal development, ruminal fermentation, and intestinal absorptive capability in veal calves.
INTRODUCTION
Feeding veal calves milk replacer only limits not only the physiological development of the forestomach of calves but also their health status (Cozzi et al., 2002) . Research has indicated that solid feed stimulates microbial proliferation and VFA production in the rumen, subsequently initiating ruminal development in veal calves (Suárez et al., 2006a) . However, different types of solid feeds had different effects on growth performance and ru-minal development in veal calves (Cozzi et al., 2002; Prevedello et al., 2012) . It was reported that steam-flaked corn incorporated into a calf starter diet at 33% was reported to increase papillae length (PL) and production of propionate in the rumen, but negatively influence DMI, feed efficiency (FE), and ADG in calves . However, 45.5% steam-flaked corn in a calf starter diet was indicated to improve FE and had no impact on ADG (Zhang et al., 2010) . Moreover, feeding raw soy protein to calves has been reported to result in either the absence of villi or presence of short, blunted, and convoluted villi on mucosal surfaces (Seegraber and Morrill, 1982; Silva et al., 1986) . However, other studies have indicated that using heat-treated corn as an energy source and extruded whole soybeans as a protein source could improve the efficiency of energy and CP use in calves (Stojanović et al., 2008; Zhang et al., 2010) . According to these reports, the mixture composed of steam-flaked corn at different proportions and extruded soybeans may be advantageous in growth performance, as well as ruminal and intestinal development in neonatal calves. Therefore, the objective of the study was to investigate the effects of a mixed diet containing steamflaked corn and extruded soybeans on growth performance, ruminal development, ruminal fermentation variables, and intestinal morphology in veal calves.
MATERIALS AND METHODS
All procedures involving animals were conducted under the approval of the China Agricultural University Institutional Animal Care and Use Committee.
Animals, Housing, and Diets
Thirty-nine Holstein bull calves (2 ± 1 d old), with an initial BW of 41.2 ± 0.5 kg, were purchased from Sanyuan Lvhe dairy farm and transported to the China Agricultural University Beef Cattle Practical Education Base, located in Daxing District, Beijing. According to initial BW, calves were divided into 3 equal treatment groups of 13 calves and then moved into individual pens (1.5 × 2.5 m; bedded with wood shavings). Noseto-nose contact between calves was minimized by pen arrangement. The calves were assigned randomly to 1 of 3 treatments: 1) control treatment fed only milk replacer (MR) at a rate of 1.9% of BW daily, 2) treatment fed one-half of the amount of MR in the control treatment supplemented with a mixture of steam-flaked corn and extruded soybeans (HMCS) ad libitum, and 3) treatment fed the mixture of steam-flaked corn and extruded soybeans (CS) ad libitum. The HMCS and CS concentrate contained 62.1% steam-flaked corn, 30.5% extruded soybeans, 5% alfalfa hay, and 2.4% trace minerals (Table 1) .
All calves received 4 L of colostrum within 6 h after birth, followed by 4 feedings of transition milk within 24 h before feeding MR. All calves were bucket-fed MR at 39°C 3 times per day (0630, 1430, and 2030 h) during the first month. The MR concentration in the liquid diet was 12.5%. Buckets had a maximum capacity of 20 L, allowing individual recording of MR intake, and came with an 8-cmlong nipple. After the first month, MR calves were still given MR and the amount of MR was determined weekly. The HMCS calves were offered one-half of the amount of MR in the control treatment until calves were 150 d old; the amount of MR was determined based on the MR treatment as a whole group. The whole experiment time was divided into 5 periods, including period 1 (d 0 to 30), period 2 (d 31 to 60), period 3 (d 61 to 90), period 4 (d 91 to 120), and period 5 (d 121 to 150). The mixed concentrate of steamflaked corn and extruded soybeans was provided ad libitum to the HMCS and CS treatments, and intake of calves was recorded daily. Calves were provided with ad libitum access to water; water source was changed twice per day.
Extruded soybeans and steam-flaked corn (0.39 kg/L) were processed as described by Friesen et al. (1993) and Zhang et al. (2010) . The MR diet containing 34.6% skim milk powder and 25.5% whey powder was fed to MR treatment group for the duration of the trial. Samples of the MR and mixed concentrate were collected and analyzed for DM, CP, crude fat, ash, calcium, and phosphorus, using AOAC (1990) methods. Feeds samples were also analyzed for NDF and ADF content, as proposed by Van Soest et al. (1991) , and the nonfibrous carbohydrate content was calculated according to Cozzi et al. (2002) . The nutrient compositions of MR and mixed concentrate are presented in Table 1 .
The ADG of calves was calculated by weighing calves for 2 consecutive days at the beginning and end of each period. Individual intake of MR and that of mixed concentrate were measured, based on the difference between the amount of diet offered and amount refused daily. Feed efficiency was calculated as individual ADG divided by dietary DMI.
Sampling
All calves were harvested at 150 d of age, 12 h after the last feeding, using captive bolt stunning and exsanguination. Digestive tracts of calves were harvested, emptied, and rinsed with cold water, and a tissue sample from the dorsal sac of the rumen was collected for analysis of PL, papillae width (PW), and rumen wall thickness (RWT), as described by . The empty weight of the rumen was measured and papillae density was recorded. Rumen contents were squeezed through 4 layers of cheesecloth and rumen fluid samples were collected in tubes. The pH concentration of rumen fluid was immediately determined (pH Spear; Eutech Instruments, Fitchburg, MA). Rumen fluid (15 mL) samples were acidified with 3 mL of 25% metaphosphoric acid and 3 mL of 0.6% 2-ethylbutyric acid (internal standard), and then stored at -20°C until analyzed for VFA and NH 3 . Samples were subsequently centrifuged at 10,000 × g for 10 min at 4°C twice to obtain a clear supernatant. The supernatant was analyzed for rumen NH 3 , using a phenol-hypochlorite assay (Broderick and Kang, 1980) , and molar concentration of VFA was determined by gas chromatography (Li and Meng, 2006) .
The small intestine of each calf was collected. Within 5 min, two 1-cm sections from the duodenum (within 10 cm of pylorus), jejunum (estimated midpoint of small intestine), and ileum (within 10 cm of cecum) were placed in ice-cold saline and 10% formalin for morphometric analysis of villus lengths and crypt depths, according to Kehoe et al. (2008) . The villus:crypt ratio was calculated as individual villus length divided by crypt depth.
Statistical Analysis
Data for growth performance and intake were analyzed by ANOVA, for a repeated measures experiment within a completely randomized design, using the MIXED procedure (SAS Inst., Inc., Cary, NC). The following statistical model was used for analysis:
where y ijk is an observed value for BW, DMI, ADG, and FE, taken from calf j receiving treatment diet i at time k; μ is the overall mean; α i is the fixed effect of treatment diet i; β k is time period k; (αβ) ik is the interaction between treatment and period; and e ijk is the residual value. Statistical analysis of rumen pH, NH 3 , VFA, PL, PW, RWT, intestinal villus length, and crypt was analyzed by ANOVA, for a completely randomized design, using the MIXED procedure of SAS. The model for analysis of ruminal and intestinal development, as well as ruminal fermentation variables, included only fixed effect of treatment. The differences in treatment means were tested using Duncan's multiple range test. An α level of 0.05 was used to determine statistical significance, unless otherwise noted.
RESULTS

Growth Performance
Calves that received MR exhibited greater BW (P = 0.001) and ADG (P < 0.001) than HMCS and CS calves from period 2 to 3. In contrast, CS calves had greater ADG than MR calves (P < 0.04) from period 4 to 5 (Table 2) . Over the entire feeding period (period 2 to 5), BW and ADG did not differ among treatments (Table 2) . During period 2, MR calves had greater DMI than HMCS and CS calves (P = 0.001); however, CS calves consumed more DM than HMCS and MR calves during period 3 to 5 (P < 0.001; Table 3 ). In addition, during period 2 to 5, CS calves exhibited the greatest DMI (P < 0.001); HMCS calves had greater DMI than MR calves (P = 0.003). Calves fed MR and HMCS had better FE than CS calves during period 3 to 5 (P < 0.001); CS calves had the least FE among the 3 treatments during period 2 to 5 (P < 0.001; Table 3 ).
Ruminal Fermentation and Development
Calves fed the CS diets had decreased pH when compared with MR calves (P = 0.04) and the pH concentration in MR and HMCS calves were similar (P = 0.71). The ammonia concentrations were the greatest in calves that received the HMCS diets (P = 0.03), least in calves that received the MR diets, and did not differ (P = 0.77) between MR and CS calves (Table 4) . Total VFA concentrations were greatest (P = 0.02) in calves that received CS (158.94 mmol/L) and least in calves that received MR (69.53mmol/L). In addition, calves fed the CS diet had the greatest molar concentrations of propionate (P = 0.002), butyrate (P = 0.002), and valerate (P = 0.001), whereas MR calves had the least. Calves fed MR had the greatest acetate:propionate ratio compared with calves fed HMCS and MR (P = 0.002). Furthermore, HMCS calves had greater molar concentrations of isobutyrate (P = 0.001) and isovalerate (P = 0.001) than MR and CS calves (Table 4) .
Differences among the 3 treatments for ruminal development were detected. Empty rumen weight was greater (P = 0.001) for calves that received CS than calves that received MR and HMCS. In addition, calves fed MR had the least empty rumen weight. Calves that received CS exhibited greater PL (P < 0.001), PW (P < 0.001), RWT (P = 0.01), and papillae density (P = 0.003) than MR and HMCS calves. Furthermore, HMCS calves had greater PL (P = 0.001), PW (P = 0.001), and papillae density (P = 0.03) when compared with MR calves (Table 5) .
Intestinal Morphological Measurements
Calves that received MR and HMCS had greater crypt depths in the duodenum compared with calves that received CS (P = 0.001; Table 6 ). Moreover, calves fed CS exhibited the greatest villus:crypt ratio and least crypt depth, compared with HMCS and MR calves (P = 0.001). Villus heights in the jejunum and ileum were greatest (P < 0.04) in CS calves, followed by MR and HMCS calves. In addition, calves that received CS had the greatest villus:crypt ratios in the jejunum (P = 0.001) and ileum (P = 0.02; Table 6 ).
DISCUSSION
The DMI in the HMCS and CS treatments were less than that in the MR treatment during period 2, which may be relative to weaning stress. According to Beauchemin et al. (1990) and Cozzi et al. (2002) , concentrate-fed veal calves exhibited greater DMI than calves that received MR only. In the present study, CS and HMCS calves consumed more DM during period 3 to 5. Interestingly, MR calves demonstrated greater ADG than HMCS and CS calves during the early stage (period 2 to 3); however, CS and HMCS calves had greater ADG than MR calves during the latter stage (period 4 to 5). The difference in ADG among the treatments at different stages may be attributed to the difference in feed intake of calves (Zhang et al., 2010) . In addition, compared with the ADG data reported by and Zhang et al. (2010) , who investigated the effects of a steam-flaked, corn-based calf starter, the overall ADG (for d 31 to 150) in the present study was greater. The difference in ADG among these 3 studies may be attributed to the differences in the proportions of steam-flaked corn used (greater in this study) and DMI (greater in this study). Although final BW and overall ADG did not differ among the treatments, FE decreased in HMCS and CS calves. These results are consistent with previous studies, in which calves that .001 a-c Means within a row without a common superscript letter differ (P < 0.05). 1 MR = milk replacer; HMCS = one-half of the amount of MR in treatment 1, plus a mixture of steam-flaked corn and extruded soybeans; CS = mixture of steam-flaked corn and extruded soybeans.
2 Largest SEM of least squares means; n = 13 calves per treatment.
received MR supplemented with solid feed or concentrate only were reported to have less FE than calves fed MR only during the fattening period (Beauchemin et al., 1990; Cozzi et al., 2002) . Proportion of steam-flaked corn in concentrate was greater than previous studies and the nonfibrous carbohydrates were 615 g/kg DM. The decreased rumen pH in calves that received CS compared with calves fed HMCS and MR at d 150 may be explained by differences in DMI and the nonfibrous carbohydrate fermentation pattern of calves. Reduced solid feed and starch consumption is generally related to poor ruminal fermentation, VFA buildup, and delayed ruminal epithelial development in neonatal calves (Baldwin et al., 2004) . reported that the incorporation of steam-flaked corn into a calf starter diet enhanced rumen VFA concentration; similar results were reported in steers (May et al., 2009) . In the present study, CS calves consumed more steam-flaked corn; thus, the difference in rumen pH among calves may be attributed to both DMI and the nonfibrous carbohydrate fermentation pattern. Ammonia concentration in the rumen is related to protein intake, protein ruminal degradation, ruminal absorption into circulation, and microbial use (Baldwin et al., 2004) . Khan et al. (2007a Khan et al. ( , 2008 explained that greater protein intake and its ruminal degradation resulted in greater concentrations of rumen ammonia and pH in calves. In the present study, although calves that received CS consumed more solid feed and protein than HMCS calves, calves exhibited reduced rumen ammonia concentrations. Crocker et al. (1998) and reported that using steam-flaked corn could decrease rumen ammonia concentrations and attributed this effect to increased microbial use of available ammonia. In addition, CS calves had greater ruminal development, which should help with ammonia absorption. The decreased ammonia concentrations in CS calves compared with those in HMCS calves could be a function of greater microbial utilization and ruminal absorption into circulation.
Rumen total VFA concentrations in calves may be related to solid feed and starch consumption, as well as fermentation of OM by ruminal microbes during preweaning and postweaning periods (Baldwin et al., 2004; Khan et al., 2007b) . The VFA concentrations in the HMCS and CS diets are close to the range normally observed in adult ruminants (120 to 160 mmol/L; Bergman, 1990) . However, compared with VFA data from using steam-flaked corn, total VFA concentrations in the CS diet from this study were greater. The difference in VFA concentrations between both studies may be attributed to the difference in feed intake (greater in the present study). In addition, the rumen VFA concentrations observed in calves fed steam-flaked corn concentrate diets were greater (108.83 and 158.94 mmol/L for HMCS and CS calves, respectively) than those observed in control-fed (MR) calves (69.53 mmol/L). These results are consistent with data reported by Suárez et al. (2006a) , in which calves that received concentrate diets had greater rumen VFA concentrations than calves that received MR.
Ruminant diets based on concentrates, especially those rich in nonfibrous carbohydrates, are known to produce greater molar proportions of propionate (Suárez et al., 2006a) . In agreement with previous studies May et al., 2009) , calves that received CS had the greatest propionate and valerate concentrations. In addition, previous research has indicated that rumen butyrate production was greater in cows that received steam-flaked corn than those that received whole, dryrolled corn (May et al., 2009 ). In line with this observation, 1 MR = milk replacer; HMCS = one-half of the amount of MR in treatment 1, plus a mixture of steam-flaked corn and extruded soybeans; CS = mixture of steam-flaked corn and extruded soybeans.
2 Largest SEM of least squares means; n = 13 calves per treatment. calves that received the CS diet had the greatest ruminal butyrate production in the present study.
Branched-chain VFA are mainly end products of protein fermentation and, along with ammonia, often used as quick indicators of protein fermentation in the rumen (Yang, 2002) . Suárez et al. (2007) reported that the proportion of branched-chain VFA in veal calves decreased in calves fed ad libitum, indicating greater NH 3 use by rumen microorganisms (greater microbial efficiency). In the present trial, calves that received CS had less isobutyrate and isovalerate concentrations than HMCS calves, which suggested that CS calves might have greater microbial efficiency. In addition, the greatest molar concentrations of branched-chain VFA were determined in HMCS calves, in line with the greatest NH 3 concentrations.
Calves fed solid feed had greater rumen weights than those fed the MR diet (Cozzi et al., 2002; Suárez et al., 2006b) , which may be attributed to greater physical stimuli, resulting from increased consumption of solid feed by calves (Khan et al., 2008) . Khan et al. (2008) also reported that the PL, PW, and papillae density of the rumen in calves were better stimulated by greater concentrations of ruminal chemical sources (VFA). After initiation of solid feed intake by calves and subsequent establishment of ruminal fermentation, the rumen undergoes both physical and metabolic development (Baldwin et al., 2004) . Physical development of the rumen can be further categorized into 2 aspects: increases in rumen mass and growth of papillae (Baldwin et al., 2004; Khan et al., 2008) . Research has suggested that physical stimulation by feed in the rumen could account for measurable increases in both rumen weight and musculature development (Suárez et al., 2006b ). Butyrate and, to a lesser extent, propionate are used as energy sources by rumen epithelium, and subsequently have the greatest influence on epithelial development (Tamate et al., 1962) . This information suggests that greater consumption of the mixed concentrate diet provided greater physical and chemical stimuli, and thus resulted in greater empty rumen weight, PL, PW, RWT, and papillae density in calves that received CS and HMCS. Seegraber and Morrill (1982) reported that calves fed soy proteins exhibited intestinal abnormalities, including absence of villi or the presence of short, blunted, and convoluted villi on mucosal surfaces. Furthermore, feeding 66% soybean protein concentrate plus 34% milk protein resulted in decreased BW gain, decreased FE, greater rectal temperatures, increased diarrhea, and villus atrophy (Silva et al., 1986) . However, Stojanović et al. (2008) reported that using heat-treated corn grain and extruded whole soybeans increased the nutritional value of concentrates for weaned calves. In addition, calves that received steam-flaked corn and soybeans had a decreased incidence of diarrhea during the postweaning period (Zhang et al., 2010) . These outcomes can be attributed to the fact that heat processing, including extrusion, reduces trypsin inhibitor activity in soybeans (Nwabueze, 2007) . In line with these observations, calves fed CS in the current study had greater villus heights and villus:crypt ratios in the duodenum, jejunum, and ileum, compared with calves fed the other diets. However, calves that received HMCS exhibited the poorest intestinal morphological characteristics among the treatments in this study. Research has also suggested that ammonia caused histological damage, loss of mucus and DNA in the colon (Lin and Visek, 1991) , and pathological lesions, mainly located in the villus region, involving large-scale destruction of the normal contour (Banerjee and Bhattacharya, 1995) . These results may be explained by the fact that HMCS calves with the greatest concentrations of rumen ammonia and relatively poorer ruminal development might have greater ammonia concentrations in the small intestine via rumen fluid and microbes, thereby resulting in poor intestinal development of calves.
The administration of a mixture of steam-flaked corn and extruded soybeans to veal calves as the whole diet improved ADG in period 4 to 5, decreased FE in the whole period, and had no effect on final BW. In addition, calves that received CS had greater DMI and better ruminal fermentation parameters, such as greater total VFA, propionate, and butyrate concentrations, as well as decreased ammonia concentrations, and therefore promoted ruminal development. Furthermore, CS calves exhibited the greatest intestinal absorptive capability among the 3 treatments. However, results of this study also clearly suggested that HMCS calves had relatively poorer ruminal and intestinal development, and, notably, the greatest rumen ammonia concentrations. These outcomes suggest that the mixture of steam-flaked corn and extruded soybeans is an ideal diet for veal calves, but these outcomes also indicate that large amounts of MR supplemented with a mixture of steam-flaked corn and extruded soybeans provided ad libitum to veal calves should be avoided.
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